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1.0 INTRODUCTION 

In May , 1981* SAO submitted an unsolicited proposal to NASA for 
incorporation of a High Resolution laager (HRI) in the instrument coapleaent of 
the Roentgen Satellite (ROSAT), an on-going scientific space program of the 
Federal Republic of Germany. The HRI to be provided by SAO would, with only 
ainor modification, be essentially the sane as the highly successful HRI flown 
on the High Energy Astronoay Observatory-2 (Einstein). The proposal was 
submitted in response to the general recognition within the X-ray Astronoay 
coaaunity that inclusion of an HRI in the ROSAT wculd significantly enhance the 
scientific yield fron that nission. A preliminary cost estimate and program 
plan were submitted assuming a funding start in December, 1981. This program 
schedule was compatible with the German program as initially configured. 

Since the submission of th* Hay, 1981, proposal, informal technical 
discussions have taken place between SAO and the Institute for Extraterrestrial 
Physics (MPE) of the Max Planck Institute for Physics and Astrophysics. One 
result of this technical interchange is the realization that some modification 
to the HEAO-2 designs beyond that anticipated in our original proposal will be 
necessary. These modifications, however, result in a simplification of the 
HEAO-2 design. 

Another result of these continuing discussions between MPE and SAO is a 
better appreciation of the MPE program schedule. To avoid serious impact to the 
MPE schedule, it is necessary to provide mechanical models of the HRI 
sub-systems (front end assembly, central electronics assembly, and detector 
assembly) to MPE in September, 1982. These mock-ups have provided an accurate 
representation of the HRI envelope and were used for both fit checks and focal 
plane configuration studies. The purpose of the definition study is, however, 
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the definition of interfaces, documentation of design Modifications, and 
snbaiesion of a detailed inpleaentation plan. 

The following sections of this doeuaent snaaarize the results of the 
definition study. In addition to providing the fit-check aodel to MPE. the 
aajor effort throughout the study has been to better define the Mechanical and 
electrical interfaces affeoting the HRI design, and to establish the 
requirements for the EGSE necessary to support both the Engineering (EM) and 
Flight Model (FM) HRI's. 

The result* of investigations conducted during the definition study have 
also been incorporated in a revised proposal for a ROSAT HRI (P1087-5-81, 
Revision #1). submitted to NASA Headquarters in Deeeaber. 1982. This proposal 
has since been funded and fabrication of EM and FM HRI's is underway. 
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2.0 THE ROSAT TELESCOPE 

2.1 General Description 

The Roentgen Satellite (SOSAT) is being developed as a free-flying X-ray 
imaging observatory under a Federal Republic of Germany program. The major 
component of this observatory is a grazing incidence X-ray imaging telescope 
with photon counting imaging detectors in the focal plane (see Figure 2-1). The 
spacecraft will be 3-axis stabilized with pointing accuracy and aspect 
determination consistent with the t *rror system resolution. The primary 
scientific objective of ROSAT is to perform an all-sky survey in the energy 
range 0.1 - 2 keV with a spatial resolution of 1 arominute. The sensitivity of 
ROSAT to point sources is about a hundred times greater than previous surveys, 
and the expected number of deteotable sources should number in the hundreds of 
thousands. A complete sky survey can be accomplished in a 6 -month period. With 
a predicted life of approximately two years, a large fraction of the mission can 
be devoted to follow-up pointed observations of sources deteoted in the survey 
or for pointed studies of interesting objects. At energies below 1.5 keV, the 
sensitivity of ROSAT is equal or greater than that of the Einstein Observatory. 
Therefore, many of the studies that Einstein either initiated or suggested can 
be carried out very effectively by ROSAT. 

2.2 The Mirror System 

The mirror system consists of four nested loiter type I mirrors made of 
Zerodur (Figure 2-2). The mirror surfaoes will be coated with either gold or 
nickel to enhance their refleotivity. The diameter of the outer element is 
80 cm and the total geometrical collecting area is 1250 cm^. The effective area 
(the product of the reflectivity and the geometrical ar$n) is shown in 
Figure 2-3. At 1 keV (12 X) the effective collecting area is 500 cm^ for 
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FIGURE 2-3 EFFECTIVE AREA vs ENERGY 
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on- ax i* rays. The angular raaolutioa of the airror systea for on-axis ray* is 5 
arcseconos (FVHM). Tab Is 2-1 gives a suaaary of fchs characteristics of the 
airror systea sad eoapares thea to the Einstein Observatory and EXOSAT . 

2.3 Focal Plaae Iastruaents 

The focal plaae asseably (Fig. 2-1) peraits the placeaent of three 
different detectors at the focal plaae of the airror assesAly. The detector for 
the all-sky survey will be a two-dinensional position sensitive gas proportional 
counter (PSPC) vith a field of view of 2* and a position resolution of better 
than 0.7 na (1 arcainute) over the energy range of interest (0.1 - 2 keV) . For 
redundancy, an identical PSPC will be provided as part of the instruaeatation 
ooapleaent. 

A third detector vill be a high resolution tvo-diaensional iaagiug detector 
of the EINSTEIN HKI type. This vill provide a very iaportant ooapleaent to the 
tvo noderate resolution detectors. A high reflation laager (HEI) vill obtain 
arcsecoad positions of the sources discovered in the all-sky survey. Vithout 
this positional accuracy, the search for optical counterparts vill be extrenely 
laborious. The positions provided by a aoderste resolution PSPC vill have large 
uncertainties and there vill be several possible optioal candidates vithin the 
error circle. An HEI vill also enable a continuation of the high spatial 
resolution studies begun by the Einstein Observatory of supernova reaaauts, 
globular dusters, nearby galaxies, aotive galaxies, and clusters of galaxies. 



Table 2-1 - Telescope Characteristics 
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•1-3 keV bead; photos aaaber spectres: power law with index of 1.4, cat-off at 0.25 keV; 10 3 secosds 

observation with Laaging Proportional Coaster. 
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3.0 SCIENTIFIC OBJECTIVES OF THE HIGH RESOLUTION IMAGER ON R0SAT 

3.1 Sky Survey 

All sky sarveys have traditionally been a foundation of astronomy. At 
radio wavelengths , the 3CR and 4C catalogues of the northern sky enable the 
study of unbiased populations and have guided the prograas of the newer more 
sophisticated radio telescopes by finding interesting objects. At optical 
wavelengths the Palmar. ESO and UK Schaidt surveys play a siailar vital role. 

At X-ray wavelengths all sky surveys have been aade using the Uhuru. Ariel 
V, and HEAO-1 satellites. The aost sensitive of these have a limiting flux of 
about 2 z 10“*H erg cm“2*-l (1-3 fceV equivalent). These early surveys have 
shown that the log N-log S relation (for extragalactic sources) to these flux 
levels is consistent with Euclidean geometry, and have enabled the determination 
of soae luminosity functions. The two aajor classes of extragalactic X-ray 
sources detected at these flux levels are active galactic nuclei and clusters of 
galaxies. Aaong the fundamental discoveries aade in these first all sky surveys 
are: binary X-ray sources. X-ray bursters, extended emission froa an 
intracluster and sedina, and X-ray eaission froa active galactic nuclei. 

One of the pxiaary R0SAT mission objectives is to carry out an all sky 
survey at Uniting sensitivity ~2 orders of magnitude fainter than previously 
possible. With a position sensitive gas proportional counter (PSPC) , and an 
observational tiae of ~1000 seconds, the ROSAT survey will reach a sensitivity 
near 10~13 erg ca~2sec~* (corrected to the 1-3 keV band). At this flux limit 
about 200,000 sources should be detectable, of which, one third to one half will 
be galactic stars and the remainder associated with extragalactic objects. 
Based on the experience ed with the Einstein Observatory aediua and deep 
surveys, identif icatL 0. rces at low flux levels will be difficult with 
PSPC location uncertainties. Typically, several optical candidate objects will 
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be present vithin each source location region. In many cases, the proper 
identification of an X-ray sonrce will not require detailed optical studies as 
an obvious counterpart is present. However, the experience with Einstein 
surveys has been that a significant number of sources require either detailed 
optical studies to uncover the signature of an X-ray source, or better positions 
to reduce the number of candidates, or both. The typical optical apparent 
luminosity of counterparts to X-ray sources at the ROSAT survey limit is faint 
(**£• > 17), thus long observations with large telescopes are needed for 
optical follow-up. The use of an HRI to locate ROSAT survey sources accurately, 
and thereby facilitate identifications, would clearly be important in carrying 
out the construction of a meaningful catalog of sources. 

Observation times ranging from 10? to 10* seconds are required with the HRI 
to detect these sources. Thus only a selected fraction of all sources could be 
observed with this detector. One possible technique would be to use the HRI to 
obtain a complete survey in a specific region of the sky. Another approach 
would be to follow up * many unidentified PSPC sources as possible, with about 
a 6-month lapse between the two observations to allow for preliminary optical 
work and solar constraints in X-ray telescope pointing. In either case, a rapid 
turnaround of the ROSAT data is required to allow planning of observations. 

In addition to improving the locations of X-ray sources and aiding in 
identifications, the high resolution capability of an HRI on ROSAT expands the 
types of scientific studies which can be carried out. We point out that in the 
time frame of ROSAT, there will be no other X-ray satellite capable of carrying 
out such high angular resolution studies. Below we give examples of some 
scientific studies which can be carried out with ROSAT making prrticular use of 
a high resolution detector. 
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3.2 Other Scientific Investigations 

Stellar Survey . Einstein studies of stellar emission have shown that 
virtually all types of stars are X-ray souroes. This was an unexpected result 
and has led to a review of theoretical models for stellar structure and energy 
transport. Continued observations of X-ray emission from stars is necessary to 
sort out the correlations of various physical properties such as magnetic field, 
rotation rate, spectral type, etc., with X-ray luminosity. Against this 
reservoir of data, revised models of stellar structure and energy transport can 
be tested and refined. In order to determine stellar X-ray luminosity 
functions, unambiguous identifications are required. In many cases (~20%), the 
stars will be in visual double systems with separations of several arc seconds. 
In such cases, the high resolution detector is needed to determine the level of 
X-ray emission for each star. A proposed correlation between X-ray emission and 
stellar rotation can be studied through observations of stars in close binary 
systems, which are phase looked so that the stellar rotation periods are well 
known. In such cases a high resolution deteotor is essential. 

Globular Clusters . The X-ray sources near the center of globular clusters 
can be "weighed" by determining how near the center they are on average. All 
of the previously known X-ray globular clusters have been observed with the 
Einstein Observatory. The results thus far suggest that the X-ray sources are 
not supermassive black holes as was previously speculated but are probably 
1-2 Me neutron stars. However, with the present small sample size, the 
constraints on the mass are not very tight. An all sky survey would probably 
double the sample size to about twenty objects. Five new globular cluster X-ray 
sources have already been discovered with Einstein, but have not been observed 
with the HRI beoause they were four! too near the end of the mission. With this 
larger sample it would be possible to more accurately "weigh" the globular 
cluster X-ray sources. Also, these sources can be used to probe the nature of 
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the cluster potential valla. This von Id give unique insights into the nature of 
the potential of self-gravitating s/steas. 

Supernova Remnant • (SNEs) . With BOSAT, the studies of the spatial 
structure of supernova reanants begun with the Einstein Observatory can be 
continued and extended. Searches for changes in the X-ray structures of young 
SNEs can be perforned vith a 6 to 7 year baseline. Such changes could result 
fron proper notions of the reunant, and/or froa intensity changes of the various 
visps, knots, and bright spots that aake up the reauiant. These studies will 
help elucidate the details of heating nechanisns and the interaction of ejected 
naterial vith the interstellar aediua, as veil as deteruine the ages of the 
reanants. 

The HRI can also be used to exanine galactic objects detected by the PS PC, 
but only barely resolved by it to deteruine if these objects are in fact 
supernova reanants. These studies vould yield a coaplete X-ray selected saaple 
of Galactic supernova reanants, vhich can be coapared vith a siuilar saaple of 
LMC objects. Such conparative studies can be used to search for systeaatic 
differences in explosion rates, reanant luainosities, and expansion rates. With 
a coaplete saaple of reanants the fraction of supernovas that leave behind a 
compact object (neutron star) can be deterained. 

Galactic Nuclei. Many noraal galaxies are observed to be X-ray sources, 
soae emit at a level in excess of 10*1 erg s"l in the 1-3 keV energy band. 
These othervise undistinguished galaxies (optically dull galaxies) can be 
identified in the course of the BOSAT all sky survey, and folloved up vith 
subsequent HRI studies. This vill perait the site of X-ray eaission to be 
deterained (nuclear versus disk). Siuilarly for noraal galaxies, vhich have 
X-ray eaission comparable to our Galaxy, HRI observations can be used to 
separate the nuclear coaponent of eaission froa that due to individual galactic 
sources. These data can be used for correlations of nuclear X-ray eaission vith 
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other galactic morphological parameters. 

Active Galaxiet . Each of the known claaaes of active galaxiee of active 
galactic nuclei ha a been detected in the X-ray band. Theae inolude Type I and 
Type II Seyfert galaxies, radio galaxies. BL Lacertids and the QSO’s. In 
several cases "jet" like structures have been detected and napped (e.g. 
Centaurus A and K87) . The interpretation of an X-ray jet as s strean of 
relativistic particles nay explain the energy source for the radio lobes 
associated with Cec A. More detailed observations of this class of structure in 
a variety of sources will be needed to detemine if this is a universal 
phenonenon. 

There is a strong correlation between the presence of X-ray enission (and 
probable structure) and radio enission with an inverted spectrun (i.e.. 
nillineter enission). This can be followed up with ROSAT-HRI observations of 
radio selected galaxies. In general, the X-ray observation of conpact 
structures (i.e., jets, in active galaxies) extends the spectral range of data, 
and significantly constrains nodels for the acceleration of relativistic 
particles in these sources. In addition, the X-ray observations can provide 
infornation on how the radio structures are confined, since they can deternine 
or linit the gas density of the anbient medium via searches for theraal 
brensstrahlung enission, and the magnetic field within radio lobes via searches 
for inverse Conpton emission. 

Clusters of Galaxies . The study of clusters of galaxies is greatly aided 
by the high angular resolutions afforded by the HRI. With ~10 arc second 
resolution, the structure of the gas clouds sround individual galaxies in the 
nearby Virgo, Centaurus, and A1060 clusters can be studied. Only about 5 such 
galaxies have been observed in the Virgo cluster with the Einstein Observatory, 
and another 10 could have been observed were time available. HRI observations 
of galaxies in the Centaurus and A1060 clusters were just beginning. These high 
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resolution observations are required for tbe study of details of the salary 
stripping process, which is presumed to be the nechanisa for generating the hot 
X-ray gas observed in the dusters. High resolution studies of the oentral 
galaxies in the Virgo and Perseus clusters show the pattern of the accreting 
flows of Batter that contribute to the growth of the oD galaxies often found at 
the center of clusters. The BO SAT HRI will enable wore exaaples of this 
phenoBenon to be exaained. 

The observation of soaewhat sore distant clusters, siailar to A1367, will 
aahe possible the study of gas clouds trapped by individual galaxies that are 
not at the center of the cluster. If the gas clouds are gravitationally bound 
by the galaxies, high resolution X-ray observations any be used to traoe the 
gravitational potential, and thereby enable the study of the aass distribution 
of these galaxies. This will shed new light on the existence and nature of 
nassive dark halos in galaxies. Since only two clusters have been observed in 
sufficient detail with the Einstein HKI to sake these studies, it is clear that 
a ROSAT HRI will Bake a significant contribution. Additionally, high resolution 
observations of a large nuaber of extended galaxy sources, in a variety of 
cluster environaents, should allow a deteraination of the effects of pressure 
confineaent of hot gas. 

The detailed properties of distant clusters (Z > 0.1) can only be observed 
with high angular resolution instruaents beoause the sixes of these clusters are 
of order one areainute. Studies of these objects are iaportant to the 
understanding of the evolution of clusters of galaxies. Also since evolutionary 
changes of apparent cluster properties are of the sane order as the geoaetrical 
changes used for closure tests, the evolution of clusters aust be understood in 
order to use these classical tests to assess whether the Universe is open or 


closed 
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4.0 THE HIGH RESOLUTION IMAGING DETECTOR (HRI) 

4.1 Summary Description 

The two-dimensional high resolution insging detector for the R08AT mission 
is s copy of the HEAD-2 (Einstein Observatory) High Resolntion Insging 
instrument (HRI) (Figure 4-1). This instrument uses s pair of cascaded 
microchnnnel pistes (MCPs) as an X-rsy sensitive photoeathode surface and 
imaging photoelectron multiplier, and a crossed-vire grid as a two-dimensional 
position-sensitive charge detector (Figure 4-2). Position determination is 
accomplished by electronic interpolation between the coarse grid wires (0.2 mm 
spacing). The detector provides the arrival time within 8 ps) and position (34 
pm. FWHM) of each X-ray event which occurs within the field of view (2S.4 mm 
diameter) . 

The MCP photocathode surface is shielded from ultraviolet light and ions by 
a thin, metalized self-supporting plastic filter. The measured, in-flight, 
combined diffuse X-ray. particle, and instrumental background of the Einstein 
HRI is -0.5 counts cm~2 *-l , 

Given the plate scale of the ROSAT telescope of 11.6 pm/arcsec, the angular 
resolution of an HRI is 3.0 arcsec, FWHM (the ROSAT mirror assembly resolution 
is 5 arcsec, FWHM), and the field of view is 36 arcmin diameter. Summary 
characteristics are shown in Table 4-1. 
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Table 4-1 - SuMiry of Eiaateia HRI Fttfonino* Ckmetiriitiet 


Spatial Resolution (FVBM) 34,4 pa 

(3.0 arcaeo for ROSAT) 

Flald of View (dia.) 25.4m 

(36 arcmin for ROSAT) 

Temporal Re eolation 8 jis 

(62 |ua for ROSAT) 

Background Counting Rate (in-orbit) ~0.5 eta cn~2 *~1 




HEAO-2 HRI 


MICROCHANNEL PLATES (MCPs) 
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FIGURE 4-2 PRINCIPLE OF OPERATION OF HRI 
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4.2 HKI System Configuration 

Tit* HU which «• will be providing to tlio BOSAT it to bo os similar os 
posslblo to tho HRAO-2 (Einstoia) HU. All nomenclature and systea orgaaisstioa 
dovolopod in tbo oonrso of tbo HEAD- 2 progroa vill b# rotoiaod both for tbo 
convonionco of foailiority tad tho ability to atiliso existing HEAD- 2 
documentation. 

4.3 HU Hardware Configuration 

The HU consists of tvo aajor asseablies: the Deteotor Assembly and a 
Coaaand and Data Electronics Asseably (ODEA), both of vhieh are mounted in the 
focal plane asseably. The GDEA is functionally equivalent to the HEAD- 2 Central 
Eleotronics Assembly (CEA). but since on BOSAT our CDEA is not "central" and 
there already is a Central Electronics Asseably. the name has been chsnged to 
avoid confusion. 

4.3.1 Deteotor Asseably 

The Deteotor Asseably oonsists of an Aft Asseably and a Forward Assembly. 
The Aft Asseably inoludes the X-ray detection elements and most of the deteotor 
assembly electronics: a cascaded pair of MPCs. the crossed-grid charge detector 
(CGCD), UV/Ion Shield, high voltage power supplies, and processing electronics. 
The low voltage power supply is mounted to tne Aft Asseably. 

The Forward Assembly includes a stainless steel housing which mates with 
the Aft Asseably to fora a vacuum cavity for the detector elements. Attached to 
this housing is a valve for initial pump down, an ion pump and ion pump power 
supply for maintaining a high vacuum, an ultraviolet calibration system, and a 
remotely controlled vaeuua door. The vacuum door is equipped with a redundant 
opening mechanism. An X-ray source is attached to the inside of the vaeuua door 
to stimulate the detector during ground testing. 
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4.3.2 Coma ad tad Data Blectronics Asseably (CDfiA) 

Tha C oa«and and Data Blaetroaiea Asseably (CDBA) ooatalaa electronics which 
ooaplata awaat data processing with respect to digital position, amplitude, and 
tiae. Tha electronics also inelnda a alawa wait whioh bnffars and distribataa 
coaaands froa tha MFB alaetroalaa to tha appropriate BKI sub sy at eat. Additional 
"secondary science" rata data and analog hoaaakaaping data ara prooaaaad. 

Priaary aoianea data ara aargad with eeeondary acianoa and eoaaand atatua 
indicators into tha High Rata data atraaa by naans of oontrol logic and a local 
feoffor aaaory. (Systaa detail a and raqniraaants ara totally diffarant froa 
those of HEAD- 2 and a new design is required for this portion of tha HK1 - sea 
Section 4.5.) 

4.4 Calibration Systaa 

The HKI instrnaant contains two calibration sources, an X-ray source (X-ray 
response) , and a U-V calibration systaa (position response). A fiducial light 
systaa is prowidad for use by tha spacecraft aspaet systaa if desired. 

Tha HKI calibration systaa consists of a radioactive X-ray source no unted 
on tha Vacuna door and a U-V optioal systaa which projects a geoaetric pattern 
on tha detector face. Tha X-ray source provides a monitor for tha MCP gain 
charaotariatios. Tha U-V optical systaa provides a aaans of calibrating tha HKI 
position encoding systaa. 

4.5 Modifications to HEAD- 2 Configuration 

Although tha final details of tha interface between tha HKI and tha BOSAT 
ara not conplete, tha general nature of tha raquiraaants has bean deterained and 
in aost cases a detailed understanding does exist. Soaa aodification to tha 
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HJM>>2 configuration it required la order to integrate th* III iato th* 10SAT. 
Areas 1bto1¥«4 a**: 

1. Detector Aimfelr 

1.1 Keloeation of wac-icn pap tad aappl y, and D-V cal aatf supply 
to different angular poeitioa*. 

1.2 Kodif icatioa of vacua door and door drive aaaaabl y. 

1.3 Location of LVrS on front-end proceaaor. 

2. SsmuA au 4 Bin gii&imiii Amtii LCDM) 

2.1 Data interface electronic redesign 

2.2 Command interface electronic redesign 

2.3 CDBA Boosing Redesign 

3 . Oroand Su BPggt SqqlMtffft 

3.1 BG8E - Clangs to accommodate now interface requirements. 

deeommutate new data fornat* and incorporate 
Einstein S/W nodnles into data evaluation tontines. 

3.2 NOSE - Change to accommodate BOSAT instraent insertion/ 

exchange concept. 

The relocation of the U-V calibration assrably requires that a new aask be 
generated. Existing HEA0-2 software will be used to define the modified 
geometry aask pattern required. 

The areas related to the Deteotor Assembly and the CDEA are examined in 
this section. The G8B areas are dlsoussed in Section 7.0. 

4.5.1 Detector Assrably 

The BEI Detector Assrably has a nwaber of radial appendages which arc 
mounted to th* center cylindrical housing. It has been established that th* 
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orientation tud oi HEAD- 2 it sot suitable for tlio feO SAT by mioa o: 
significant physical Uttrfimti vitb the KOSAT focal area structure. Several 
configurations which will "fit*" Save beea identified. One each configuration 
ia kkova in Fig. 4-f. 

The vaeuwm door aaaeaibly mat be changed. The redundant one-tine opening 
neohanism aaeu on HEAD- 2 reunite in interferenee with the KOSAT structure. Sone 
effort haa been expended without success in identifying alternative approaehea 
to obtaining a redundant opening capability. Consequently, eJgaifieant 
reliability and deaiga analyse* will be required to ensure reliable operation of 
the single door drive. Ve will review the electronic drive and the door drive 
logic. Alaoat certainly a vented cover will be placed over the open drive. 
Although the H2AO-2 pr inary door drive operated successfully a nuaiber of tines 
and never experienced failure, this is an area of concern which will receive 
in-depth study and review early in the progran. 

For a number of ressoes, it is desirable to mount the Low Voltage Power 
Supply on the outside of the front end processor housing of the Detector 
Assembly. This is also a departure from the HEAD- 2 configuration. Sms* 
structural modification will be required. 

4.5.2 Command and Data Electronics Assembly (CDEA) 

Two major electronic design changes are required to accommodate the KOSAT. 
The first relates to the primary high rate date interface. The spacecraft data 
handling system is designed in such a way that the HRI requires a buffer memory 
of about l,OC r bits to store a complete KOSAT format. Additional control logic 
is required to implement both the set-up of KKI data into the memory and the 
transfer out of the memory to the spacecraft. 

The second electronic design change relates to the command interface. All 
HK1 commands are initiated by the MPE micro-computer system to an MPB-designed 
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"slave" circuit which is located in the CUBA. This slave receives a command 
word. New logic will decode and inclement each command. Both the nnaber of 
fnnctional commands and comsmnd word complexity have been reduced relative to 
HEAD- 2. 

Becanse of stringent space limitations, it is necessary to re-package the 
CDBi, Although the internal oard nodules will use the sane mechanical design 
(and in aany cases* the sane electrical design) as was used on HEAO-2* the 
housing in which they are contained and interconnected and which mounts to the 
EOS AX is a new design. The general allowable outline of this unit is shown in 
Fig. 4-4. 


4.6 ROSAT Interfaces 

Discussions with MPE and DFVLR have established preliminary interface 
requirements for the HKJ. Additional clarification and definitions will be 
accomplished within 30 days of contrac. award. 

4.6.1 Power* Weight* and Temperature 

The basic HRI requirements are defined below: 

Power: 9.7 watts operating 

8.6 watts stand-by 

Weight: Detector Assembly 17.7 kg 

CEA 22.3 kg 

Temperature: -10°C to + 30*C operating 

-15*C to + 40*C storage 

4.6.2 Protective Systems 

The HKI must be protected against operation in the high radiation 

environment asaociated with South Atlantic Anomaly (SAA) encounters and against 
operation at pressures above 10”^ torr. 



Fit* 2* 



ALL DIMS IN MM 


FIG 4-4 

COMMAND AND DATA ELECTRONICS ASSEMBLY 
(MAXIMUM VOLUME SHOWN) 
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Is tki oat* of u SAA Meoutir, proviitoa ixiiti for a ooaaaadid high 
voltage reduction either aotcaatieaily from an axtaraal SAA detector or by 
computer prograaaad comaund. Sack commands, either programmed or automatic, 
must ba generated axtaraal to the proposed BRI. 

Tba HRI high voltage supply protaeta against breakdown which can occur at 
pressi raa above 10~5 torr. The supply senses load currant. If the currant 
exceeds a predetermined threshold, the high voltage turns off antoaiatically. 
Once turned off. it arast be commanded on by an external tarn on command. 
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5.0 TEST AND CALIBEATION OF THE HRI 

5.1 Introduction 

The testing performed on the ROSAT HRI will verify that it is functionally 
identical to the HEAD- 2 instrument. The sasie procedures used for the HEAO 
program will be used on this program. In the following we refer to the relevant 
HEAP procedure (P) or test plan (TP) numbers. As the instrument reaches the 
final stages of assembly, these tests will also provide a calibration baseline 
for the proper interpretation of the full-up ROSAT calibration data and the 
science data gathered in orbit. 

5.2 Subassembly Level Tests 

5.2.1 MicroChannel Plates 

MicroChannel pistes (MCPs) will be burned-in, tested, and evaluated at the 
SAO test facility (Figures 5-1 and 5-2) according to TP 145-271. In this series 
of tests the MCPs are tested in pairs. The front plate is illuminated with 
monochromatic X— rays of selectable energies and angles of incidence and the 
total charge released by the rear plate is collected and measured. A calibrated 
proportional counter measures the X-ray flux incident on the channel plate 
assembly. This series of test determines: 

(1) gain vs. applied high voltage,; 

(2) quantum efficiency vs. high voltage, angle 
of incidence, and incident X-ray energy,; 


(3) dark count rate vs. high voltage. 
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5.2.2 DV Soaroe 

We will use TP145-323 to sereea tk« UV light louet bulbs tad TP145-322 to 
sereea thi DV ligkt ooaroo kigk aoltage power supplies. 

5.2.3 Meehaaioal tad Bloetrietl Subasseablies 

On tko HEAD-2 progrta. eleotrieal tad Moktaietl subasseablies wort 
iatpootod tad ttttod prior to asseably iato tko ntxt kigktr subasseably wherever 
tack iatpootioa/tott vtt eost-ef feotive ia torn of both iaoroatatal 

iatpootioa/tott eottt tad potoatitl lot.' if aon-conforaaact wort to bt 
discovered tt tko atxt kigktst ItTtl. 

Tht HEAO-2 iaiptetioa tad tloetroaie tost prootdartt will bo atod wkoroyor 
tpplietblo. Mechanical iaspootioa will bo porforaod tt oa HEAO-2. Blootroaio 
toot will bo porforaod tt tko tiaglo otrd level tad kigkor for tko HR1 Dotootor 
Asseably. 

Ia tko otto of tko CRA, toots will be porforaod at tko aodalo IoyoI tad 
kigkor. (Back aodalo it eoaposed of two printed oiroait cards connected to a 
eoaaoa interface eoaneotor.) Fraae wiring will bo aerified by resistance 
aotsaroaont. 

Tko forward Ytcaaa tssoably aeekanisa tad teal will be tooted tt a ooaploto 
sabsystoa. 

5.2.4 DV/Ioa Shield 

DV/Ioa tkioldt will bo torooaod for piakolot tad their peraeability to DV 


ligkt tad X-rtyt 


5.3 
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Aaaenbly Level Tiiti 

5.3.1 X-Ray Testa 

The partially oonpleted dataetor assembly (MCPa, CGGD, and front-end 
proeaaaor) will ba taatad at tba HR1 taat facility (Figa. 5-3 aad 5-4) at SAD 
aoeordiag to proeadara CFA/HRA- 74-142 . 

Tbit a a qua no a verifies dataotor oparation. It vill also dafiaa tba 
baseline calibration with ragard to: 

(1) apatial raaolution, 

(2) apatial wariation of background, 

(3) apatial uniformity of quantum efficiency, and 

(4) level of gaonatrio diatortioa of tba dataetor. 

Thaaa data will anabla us to daoida whether tba aalaetad MCPa neat tba 
inaging apaeifieationa at a tine wban tbay oan ba raplaead easily, if naeaaaary. 

5.3.2 UV/ Ion Sbiald Taata 

Taata will ba parfomad on tba dataotor assembly with tba UV/Ion abiald in 
plaoa to datamina tba aanaitirity to UV light, ions, and alaotrona. UV light, 
ions, and alaotrona will ba prowidad by auxiliary aouroaa mounted to tba —t 
taat faoility. 

5.3.3 UV Calibration Syatan 

To ealibrata tba HRI ' a poaition anooding ayatan, a pattern of 
ultraTiolat-ligbt ia projaotad onto the top nieroehannel plate surface by tba UV 
oalibration ayatan. A computer program developed for HEAD will ba need to 
ganarata a oalibration map. 
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Fig 5-3 HRI Test Facility 



Fig 5-4 HRI Test facility Schematic 
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5.3.4 Coamand and Data Electronics Asseably 

Integration of taatad modules into the CUBA, aad verification of operation 
of the oonaand aad povar systea will be aoooapllahad at lag essentially tha aaaa 
procedures as vara asad on tha HRA/0-2 prograa. Baoansa of eonsolidatioa of tha 
HR'jO- 2 CDBA ooaf 1 gar at Ion for this prograa, tha prooadaral datails will require 
•oaa alalava aodlf lost ion. 

5.3.5 HRI Fnnotional Tasts 

Tha HEAD- 2 HRI Fnnotional Tost prooadnras vill ba slightly aodifisd to 
prorids a standard fnnotional tost saqnanoa for ths RO&AT HRI instrnaant. 

The standard tost saqnanoa vill axaroisa tha HRI instrnaant to tha aaziana 
aztsnt possible vithont opening ths yaouna door and azaaina tha HRI response in 
a detailed systeaatio Banner, 

Ve antioipata repeating these tests aany tines prior to shipaent to 
NPI/MPB. This vill provide operating life on tha instrnaant vhioh vill tend to 
nnoover aarginal ooaponents and/or conditions. 

A baseline oharaotaristio of the instrnaant vill be established, and 
oontinaons evaluation of test data together vith trend analysis of tha total 
data set vill be oarried out in order to assure that there are no ohanges in 
detector perforaanoe. 

5.3.6 Bnvironaental Tests 

The environaental tests of tha ooapleted asseablies (detector and CRA) 
inelude a vibration tost, oonducted aooording to P145-324, and a thermal vaonna 
test, oondnoted aooording to TP145-332. Sinoe the HEAD instrnaant s have already 
been tested to qualification levels, these tasts vill ba dona at flight levels 
to ohaok vorkaanship. 
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6.0 OBSERVATORY LEVEL TESTS 

Upon completion of post shipment cheeks in Germany, integration of til HRI 
into the ROSAT focal plans assembly and teat of its operation through tbs ROSAT 
interfaoa oan begin. This is ezpeoted to bs followed by test and calibration of 
tbs total ROSAT telesoope in tbe MPI/MPB X-ray Test Facility. Not only will tbe 
HRl/nirror assembly be calibrated in this activity, bat tbese tests oan be need 
to determine tbe X-ray performance of tbe ROSAT X-ray mirror assembly alone. 

6.1 HRI Tests 

A series of sequential tests and inspections will bs oarried out as tbe HRI 
is integratsd into tbe ROSAT HRI fooal plane assembly. Once mecbanical 
interfaces are verified, electrical testing will begin. This testing relates to 
tbe power, command/control, end data interfaces. 

As long as accessibility is maintained, tbe EGSE oan be used directly and 
independently with tbe HRI. When electrically connected to tbe ROSAT, data are 
merged into tbe total R08AT data format. This data stream is then provided to 
tbe EGSE so EGSE software oan be used direotly in tbe analysis and display of 
HRI performance. Test of both tbe hardware and software associated with tbis 
interface are considered HRI tests. 

A preliminary functional test procedure will be used to aoeonplisb 
integrstion and obeck-out. Upon completion of initial cheok-out of tbe 
integrated HRI, a baseline functional test procedure will be used to establish a 
baseline for HRI performsnee in tbe ROSAT focal plane. Thie will be compared 
with tbe HRI functional baseline established previously. Differences, if any, 
will be reviewed to determine cause and need for corrective action. 

Tbis functional test is referred to as HRI Integrated Baseline Function 


Test 
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6.2 Mirror Assent Xy/HAI Calibration 

Tke 108AX will bt tested and calibrated at tke MPX/MFB lJOn X-ray Taat 
Facility (PANTHX) show: ia Fig. 6-1. Oma Major goal of tkia aspect of ground 
testing vill ba to determine tka Point Spread Fanatics (PSF) of tka eombiaed 
airror assembly and BAX over tka energy range of B0SAT and aa a function of 
field angle. The PSF provides a aoaplata description of tka optical behavior of 
an isMging aystaa and froa it ean ba derived tka quantitative response of tka 
ayataa to an objaet. Using HEA0-2 software, tka raw calibration data will ba 
radaead to provide tka field angle and energy dependant PSF. tka integral of tka 
PSF a a a function of radius (eneireled energy function), tka vignetting 
funetion. total effeotive area, and various one paraaeter aeasures of inage 
quality (FfHM. 50% pover radius, eta.). 

These testa vill also date nine the foeal plane plate scale and asp gkoat 
laages. Tka determination of tka PSF at large radii requires tka accumulation 
of a large number of counts in tka cenf~:l portion of tka image because of tka 
need to aequire a statistically significant number of oounta in tka ''wings" of 
tka PSF. Tkia oould result ia long test times (due to data rate limitations) 
and individual pinel oounta totalling a significant fraetion of tkeir count 
life. By using a test mask (a laa vide metal . ibbon) ia front of and near tka 
center of tka first MCP to blook tka eentral portion of the image, kigk X-ray 
flux rates oaa be used vitk a consequent reduction in test time and accumulated 


MCP counts 
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7.0 QBlOND SUPPORT MUIPISNT 

A ligtlfUut uout of mull lory *qtipM>t it r*q«lnd support nki HU 
at various phases of the program. For eoimiiioi, *• group this auxiliary 
support iquipMBt intw three eattgoritt: 

1. Blaotrioal Ground Support Bqulpreat (BO SB) 

2. Maohanioal Ground Support Equipment (HOSE) 

3. Lift Support System (LSS) 

7.1 Blaotrioal Ground Support Equipment (EG SB) 

The Blaotrioal Groond Support (BGSB) eoaaitting of both hardwara and 
toftuara nutt provide save-al batio funotioat. That a iaoluda tha folloviag: 

1. Couuand and ooatrol of tha HR1 and external ttiauli (pul tart, 
•to.) 

2. Varifiettion of oomaands 

3. Data acquisition fron tha BBI and transducers (tanparatura 
tantort. pro stare gaugaa. ato.) 

4. Inaga display 

5. Evaluation of parformanoa and comparison with Lata lino 

6. Provision of htrdoopy of test and calibration data 

7. Logging of iastrunant tact history 

8. Dataruinat ion of instruaant status (voltaga lavals. temperatures, 
ato. ) 

9. Automatic sequencing of tost prooaduras 

10. Flagging of oat -of -limit behaviour 
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7.1.1 B08B Modi* of Operation 


There trt tkrto aodis of operation for tki HU: 


1. Stud— tloai - HKI is operated and STiliitsd by the SAO-E8SE. 


2. FI - No S/C 
(Mode 2) 


HKI it integrated into fooil aaaenbly controlled 
by MPE eleotroniee. Date is oatpatted aerially 
to the MPE BOSE and to SAO BOSE. 


3. FI- S/C - HKI ie integrated into foeal aaaenbly and 

(Mode 3) controlled by MPE electronics. Data ia 

oatpatted throagh S/C BOSS throagh Interface 
Conpnter to MPE EASE and to SAO EGSE in 16 bit 
parallel blocks. 


Connections to the SAO BOSE in the two FI 
conf igarations are physieally throagh the MPE 
EGSE. 


The FI (Focal Instranentation) Modes of operation follow fron the flight 
conf igarat ion of the HKI in the KOSAT. This is shown in block diagraa form in 
Fig. 7-1. 

There are two fanctional interfaces to the HKI. Command , control, 
hoasekeeping. and power all cone fron the MPE central electronics in essentially 
the sane way they are provided to the two MPE instranents* The prinary data 
strain and its associated clocking and control are interfaced with the S/C Data 
Handling Systen. 

Stand-Alone Mode operation is il lastrated by Figare 7-2. Solid lines 
indicate flight interfaces that will exist between either the MPE or the S/C 
Data Electronics. 

The EGSE will provide power, inplenent connands and control fractions and 
transfer and accept data in the sane Banner as in the flight conf igarat ion. It 
is eqaivalent to a S/C einalator althoagh organizationally it is nore 
complicated than that. 
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COMMAND INITIATION 
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Figure 7-2 - Mode I (Stead -A lone) 
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Thi BOSS will provide test inputs to the preamp which will bear a filed 
relationship to looal (BASE) tine. The BBSS will analyte the data and display 
and reeord output in appropriate formats. Data output is in 16 bit serial 
words, as desoribed in TN-ROSAT^SAO~3 . 

Node 2 operation is illustrated oy Fig. 7-3. This mode is used when the 
MPE eleetronies are not connected to the 5/C cleetronies. 

In this Mde, the MPE BBSS simulates the S/C funetions and receives data in 
the sane sumner as it is passed to the S/C. Commands to the instruments 
(including the BKI) and the MPE central eleetronies are initiated by the MPE 
BBSS. 

The data output is in t*ie . jr of a stream of 16 bit serial words as 
desoribed in TN-ROSAT- SAG- 3 . This output is fed to the MPE BBSE and in parallel 
to the SAO BBSE. 

Mode 3 is used in the fully integrated eonf igurstion. The BBSE elements 
are shown in Fig. 7-4. 

Commands to the HR.T are initiated by the MPE BBSE but pass through the 
Dornier (S/C) BBSE for the equivalent of up-linhing. 

Data is outputted by the Dornier E6SE to an interface computer (provided by 
DFVLR) which accumulates, reformats, and transfers data to the MPE BBSE. 

This data is also displayed in parallel to the SAO BBSE. The data transfer 
is in the form of 16 bit parallel words as described in TN-ROSAT-SAO-3 . 

7.2 Mechanical Ground Support Equipment (MBSE) 

Meehanieal Ground Support Equipment (MBSE) for the proposed program falls 
into two smin eategories: 

(1) Shipping containers 

(2) Handling and adapter filtering 
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Figure 7-3 - Mode 2 (FI - No S/C) 
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Figure 7-4 - Mode 3 (FI - S/C) 
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7.2.1 Skipping Container* 

Skipping eontainars nr* tiqiind foe tka BOSE* tko Dataotor Aaaeably. tka 
CUBA, aaaortad oablea, aparaa and documentation, MCP' a, and eleaenta of tka Lifa 
Support Syatea. 

A apaoial container ia enviaioned for tka MCP'a for ahipaent froa U. of 
Laioaatar to 8A0. Thia eontainar will ba hermetically tight with input and 
output walwaa for filling with dry Nitrogan. 

Spacial oontainara will alao ba provided for tka Dataotor Aaaaably and tka 
CDBA. All otkar oontainara ara ra-uaabla orataa. 

7.2.2 Adaptar Fixture a 

Fixture requireaenta identified to data ara: 

(1) MCP Micropoaitioner (MCP Teata) 

(2) Vacuum Ckanbar Adaptara (X-ray Teating) 

(3) Support Fixture (Dataotor Aaaanbly - General) 

(4) Support Fixture (T-V Teating) 

(3) Univeraal Shake Fixture (Dataotor Aaay. and CDBA) 

(6) Shake Fixture (BS) 

7.2.3 Handling Fixturea 

SAG will provide adaptar intarfaoaa for the MFB inaartion and extraction 
fixture a /tool a. A general purpoae lifting fixture for tka Dataotor Aaaaaibly 

will alao be providad. 

7.3 Lifa Support Syatea (LSS) 

Tka LSS ia eoaqpriaed of two elenenta; a power unit and a punping unit. 
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7.3.1 Power Uait 

The Power Unit will bo a self-contained AC-DC uninterrupted supply of 28 
VDC for tho HU ion puap. It will, ia |tnoral. travel with the HRI and anpport 
the HRI at tha warions oitas aithar diraotly or thro«|h nabilioal oonneotore. 

Input AC power can be either 120 VAC. 1#. 60Hx or 230 VAC. 10. SOHs. 
Batteries will be kept charged during AC operation and will have the eapaoity to 
power the ion puap for TBD hours. 

7.3*2 Puaping Unit 

The puaping unit is required to re-establish vacuua within the HRI after 
opening of the front vaouua ssseably door. 

Three puaps are eonneoted to a vaouua nanifold. designed for ainiaua 
trapping and interference . whioh can be eonneoted to the HRI vaouua connector. 

A roughing puap is provided for initial puap -down, a diffusion puap for 
transition range puaping. and a higher eapaoity ion puap for finish or final 
puaping of the HRI. This higher eapaoity puap can also be utilised as a back-up 
to the integral HRI ion puap except during periods of shipaent. 
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8.0 ENGINEERING MODFa, (EM) 

It addition to tk« protoflight HEI instrument proposod in oar unsolicited 
proposal (May, 1981), v* strongly re comes nd tha oonstraotion and tost of an HEI 
Bag in** ring Modal (BM). 

Tha naad for an BM has become avidsnt through additional discussions with 
MPB sinea May, 1981. First, thars is a requirement to support tha Gansan 
activity straaa. Ssoond, baoausa tha CDBA Housing is asaantially a now da sign, 
a qualification unit is a highly dasirabla tost vehiole for evaluation of tha 
nav dasign. Both of thasa raquiraaants ara effectively aatiafiad by providing 
an Enginssring Modal. 

8.1 ROSA! Prograa Ksquirsasnts 

Tha DFVLA progran plan inoludas provisions for an Enginaering Modal of tha 
sntirs focal instrument assaably, conprisad of the MPB structure, carousel, 
science instruments, support alaotronics, and tha HEI. This nodal is required 
for a variety of purposes, including tha support of visualization, mechanical 
test, eleotrical test, and thermal test activities. It is possible to support 
these tests with three separata but simpler models (mass, electrical, and 
thermal) to satisfy tha Dornier requirenents/objeetives. However, this option 
does not afford tha valuable verification and azparianoa feed-back that would 
accrue from using an HRI Engineering Model that is almost identical to the 
Flight Model. This is particularly true for thermal testing of the Detector 
Assembly where view-faotors, surfaoes, and near-field power distribution are 
iiportant (and are difficult to simulate). The EM will also serve as a 
Prototype /Qualification unit to verify the compatibility of the HRI with the 
ROSAT environment. This environment, even without STS considerations, is 
signifioantly 
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different from tk« ■BAD-2 miroaMat and, thinfoti, Mist be subjected to 
assessment sad evaluation. 

8.2 CDEA Boas lag Coasldsrst&oas 

Vh§ CDBA ooasifts of HBA0-2 circuit designs* modified HEAD- 2 eirosit 
designs* as* circuit designs (all packaged la EBAO-style modules) sad a totally 
aaw hoot lag dssiga. 

Ia additloa to addressing STS Fracture Control considerations* it is 
dssirsbla to baild sad tsst a prototype bossing to KOSAT qsalif iostion levels. 
When tbs requirement fox Fraotsrs Control aanagsasnt is added* tbe need for snob 
s unit is evident. 

8.3 Test and Evaluation 

It is our intent to deliver an Engineering Model vbiob is as similar to tbe 
Flight Model as possible and vbiob* in tbe event of component failure* oan serve 
as a souroe of spare subassemblies and components. Suob an approaob maximizes 
tbe potential "learning" experience vbiob osn aoorue froa tbe Dornier tests on 
tbe EM as veil as estsblisbing confidence in tbe design* components* and 
proeedures associated vitb tbe flight hardvare. 

Subject to p*rt availability* tbe electronics vill be populated vitb bi-rel 
components to permit use of the EM boards as spares. Flight qualified 
high-voltage and low-voltage supplies also vill be utilized in tbe Engineering 
Model. 

Because there is no bard requirement to operate tbe Engineering Model BRI 
as an X-ray dsteotox* tbe MCF's vill not be Installed. Also high voltage from 
tbe detector and ion pump supplies vill not be connected. Tbe cross-grid 
assembly can be instilled if desired. If B08AT qualification vibration levels 
are high* tbe grids can be installed to take advantage of the testing sequence 



Paga 46 


it Oorai ar. Dwqr data will ba gaaaratad bj a taat box wbosa oatpata art 
applied to tha taat iapata of toa praaolaetad Dataotor Aaaaably praaaplifiara 
(taat lapat eoaaaatora ata axpoaad), Baeaaaa tbara ia ao vaoaaa nor ara tbara 
MGP'a witbla tba dataotor oavitj. tba door oaa alao ba axareiaad to rarity 
parforaaaoa* All othar faaotioaa ara aaaaatially idaatieal to tba flight aodal 
raqairaaaata. 



